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METHODS AND APPARATUS FOR NEARLY LOSST -ESS-CONCATENATED BLOCK 

TRANSFORM CODING 

The U.S. Government has a paid-up hcense in this invention and the right in limited 
circumstances to require the patent owner to license others on reasonable terms as provided for by 
5 the terms of NIST cooperative agreement no. 70NANB7H305 1 (proposal no. 97-04-0020) entitled: 
"Enabling Technology for a Digital Video Optical Tape Recorder of High Definition Motion 
Imagery." 



Field of the Invention 

The invention relates to video and/or image compression and, more particularly, to methods 
10 and apparatus for nearly lossless-concatenated block transform coding in a video and/or image 
compression system. 

Background of the Invention 

Lossless and near-lossless image and video compression techniques have generated 
considerable mterest in the video processing community in recent years. Examples of such known 
15 techniques have been extensively described in the image and video compression literature, for 
example: Draft of MPEG-2: Test Model 5, ISO/IEC JTC1/SC29/WG1 1, Apr. 1993; Draft of ITU-T 
Recommendation H.263, ITU-T SG XV, Dec. 1995; "Lossless and near-lossless coding of 
continuous tone still images" (JPEG-LS), ISO/IEC JTCl/SC 29/WG 1, July 1997; B. Haskell, A. 
Puri, and A.N. NetravaU, "Digital video: An introduction to MPEG-2," Chapman and Hall, 1997; 
20 H.G. Musmann, P. Pirsch, and H.J. Gralleer, "Advances in picture coding," Proc. IEEE, vol. 73, no. 
4, pp.523-548, Apr. 1985; N.D. Memon and K. Sayood, "Lossless compression of video 
sequences;' IEEE Trans. Communications, yoXAA, no. 10, pp. 1340-1 345, Oct. 1996; A.N. NetravaU 
and E.G. Haskell, "Digital Pictures: Representation, Compression, and Standards," 2"'' Ed., Plenum 
Press, 1995; W. Philips and K. Denecker, "A Lossless Version of the Hadamard Transform," Proc. 
25 ProRlSC Workshop on Circuits, Systems and Signal Processing, pp. 387-392, 1997; A. Said and 
W.A. Pearlman, "New, fast, and efficient image codec based on set partitioning in hierarchical 
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trees," ZE^^" Trans, Circuit and Systems for Video Technology, vol. 6, no. 3, pp.243-249, June 1996; 
MJ. Weinberger, J J. Rissanen, and R.B. Arps, "Applications of universal context modeling to 
lossless compression of gray-scale images," IEEE Trans. Image Processing, vol. 5, no. 4, pp. 575- 
586, Apr. 1996; X, Wu and N. Memon, "Context-based, adaptive, lossless image coding," IEEE 
5 Trans. Communications, vol 45, no. 4, pp. 437-444, Apr. 1997; and Z. Xiong, K. Ramchandran, and 
M.T. Orchard, "Space frequency quantization for wavelet image coding," IEEE Trans, Image 
Processing, vol. 6, 1997. 

These conventional techniques have been used in an attempt to generate high quality, 
perceptually distortion free compressed video and still images. One of the issues of interest in lossy 

^0 coding is one-time coding loss or lossless-concatenated coding, where repeated encoding and 
decoding of a signal does not introduce errors beyond the quantization error added during the 

J original encoding process. Certain applications involving high quality, perceptually distortion free 
j compressed video or still images require such repeated encoding and decoding operations. For 

\n instance, in the case where such originally encoded signals are archived on a storage device for some 

ll5 period of time, it may be desirable to periodically decode the stored video or images, check the video 
or images current quality, and then encode it again for storage back on the same or a different storage 
device. This may be done because of the potential for degradation of the storage device over time, 

i"! which thus causes a degradation in the quality of the video or images. Also, by way of further 
example, in the case where the archived video or images are to be edited (e.g., mix, fade, etc), 
20 possibly with other signals, the stored information may be decoded each time such that it may be 
forwarded to an editing facility. The decoded and edited information is then encoded again and 
returned to the storage device. In any case, a major concern is that such repeated encoding and 
decoding of the video or images does not introduce errors beyond the quantization error added 
during the original encoding process, 
25 Context-based coding techniques have been considered in this light, where the status of both 

the encoder and decoder at any point during the encoding/decoding process is solely determined by 
the previously reconstructed samples. Repeated encoding/decoding using the same coding 
parameters thus produced identical bit streams, resulting in lossless-concatenated coding. Context- 
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based coding approaches which have attempted to take this issue into consideration can be roughly 
classified into two categories: context-based predictive coding in the spatial domain and context- 
based coding in the wavelet domain. Examples of the spatial domain techniques are discussed in 
"Lossless and near-lossless coding of continuous tone still images" (JPEG-LS), ISO/IEC JTCl/SC 
5 29/WG 1, July 1997; the Weinberger et al. article; and the Wu et al. article, as mentioned above. 
Examples of the wavelet domain techniques are discussed in the Memon et al. article; the Said et al 
article; and the Xiong et al. article, as mentioned above. 

Unfortunately, lossy block transform coding schemes do not exhibit the above property, as 
will be explained below. Accordingly, it would be highly advantageous to provide a transform- 

'"io based coding technique, where the coding loss introduced during repeated encoding and decoding 

\h is reduced to a substantially insignificant level. 

Summary of the Invention 

<Jl The present invention provides methods and apparatus for performing near lossless- 

□ concatenated A^-level transform coding. Such near lossless-concatenated iV-level transform coding 
is is accomplished by implementing a transform-based coding methodology using a unique constrained 
:, i J quantization and inverse quantization process, where the coding loss introduced during concatenated 
-^■^ coding (repeated encoding and decoding) of a video and/or image signal is reduced to a substantially 
insignificant level. It is to be appreciated that the transform may be any suitable invertible block 
transform such as, for example, a Hadamard transform. 
20 More particularly, in accordance with the present invention, a constrained quantization and 

inverse quantization methodology is used in a decoder to achieve near lossless concatenated coding, 
where the quantization operation performed on block transformed coefficients is a conditional one. 
That is, the outcome of the quantization operation is based on the value of the quantized coefficients 
that are input to the decoder. An illustrative embodiment of a decoder implementing such a 
25 constrained quantization and inverse quantization methodology in order to provide near lossless- 
concatenated //-level transform coding will be explained in detail below. 
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These and other objects, features and advantages of the present invention will become 
apparent from the following detailed description of illustrative embodiments thereof, which is to be 
read in connection with the accompanying drawings. 

Brief Description of the Drawings 

5 FIG. 1 is a block diagram illustrating a conventional image/video encoder employing a 

Hadamard transform encoding technique; 

FIG. 2 is a block diagram illustrating a conventional image/video decoder employing an 
..... inverse Hadamard transform decoding technique; 

£^ FIG. 3 is a block diagram illustrating the problem associated with repeated encoding and 

LlO decoding of image/video using a Hadamard transform encoding/decoding technique; and 

FIG. 4 is a block diagram illustrating an image/video decoder employing a near lossless- 

concatenated A^-level constrained quantization Hadamard transform decoding technique according 

to an embodiment of the present invention. 

Detailed Descriptioa of Preferred Embodiments 

■?i5 As used herein, the term "video" or "video sequence" should be understood to include any 

frame or field sequence which is in a form suitable for encoding in accordance with standards such 
as, for example, H.261, H.263, Motion- JPEG, MPEG-1, MPEG-2 and MPEG-4. The terms "image" 
or "picture" as used herein refer to a frame or field of a video sequence. The term "block" as used 
in accordance with the invention is intended to include not only macroblocks as defined in the 
20 above-noted compression standards, but more generally, any grouping of pixel elements in a video 
frame or field. It is to be appreciated that such a grouping may include a set of pixels or a single 
pixel. 

As mentioned above, the present invention provides a methodology to make block transform 
encoding/decoding be a nearly lossless-concatenated process. This implies that if repeated encoding 
25 and decoding is performed on a n x w block of data, then the loss/error introduced beyond the first 
encoding/decoding stage is zero or very nearly zero. In the following description, for the sake of 
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ease in explanation, we assume that the mvertible block transform operates on 8 x 8 blocks. 
However, extension to any other nxn block size is trivial and within the scope of those of ordinary 
skill in the art, given the inventive teachings herein. The block transformation preferably used is the 
2-dimensional Hadamard transform of order 8. This particular transform is described in W. Philips 
5 and K. Denecker, "A Lossless Version of the Hadamard Transform," Proc, ProRISC Workshop on 
Circuits, Systems and Signal Processing, pp. 387-392, 1997, the disclosure of which is incorporated 
by reference herein. However, as mentioned, any other suitable invertible block transform may be 
employed. 

Basic conventional encoder and decoder block diagrams are shown in FIG. 1 and FIG. 2, 
Jo respectively. FIG. 1 is an example of a Hadamard transform encoder 100 comprising an 8 x 8 
U Hadamard transform module 102 and a quantization module 104. In operation, a 10-bit block of data 
\ is subj ected to the application of an 8 x8 Hadamard transform (in transform module 1 02) generating 
transform coefficients, as is well-known in the art. The coefficients are then quantized in the 
,,r transform domain (in quantization module 104), as is also well-known in the art. The quantized 
-1 5 coefficients may then be coded using context-based coding and transmitted or stored (not shown). 
; It is to be appreciated that the data blocks input to the encoder may be part of an image or a video 
'-5 sequence. 

'"^ FIG. 2 shows an example of a Hadamard transform decoder 200 comprising an inverse 

quantization module 202, an 8 x 8 inverse Hadamard transform module 204 and a clipping module 

20 206. In operation, the quantized coefficients from the encoder are inverse quantized (in inverse 
quantization module 202) and then inverse transformed back to the pixel domain (in inverse 
transform module 204) before being clipped to the original range of 1 0 bits (in clipping module 206), 
as is well-known in the art. This simple encoding and decoding scheme would introduce error in a 
significant number of data blocks if the data blocks were repeatedly encoded and decoded. 

25 This is due to the non-linear nature of quantization, resulting in the signal being thrown out 

of the vaUd space in the transform domain. For example, if the input signal is an 8 x 8 block of 10 
bit data, in the range [0,1024], then after it has been encoded and decoded, the decoded output is 
outside the allowable range [0, 1024] if the quantization step size is greater than 1. Thus, the output 
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needs to be clipped to 1 0 bits, which in turn implies that the next phase of transform and quantization 
may result in an additional loss of information. According to the present invention, a technique is 
provided which minimizes this loss to practically insignificant levels. Note that when a signal is 
repeatedly encoded and decoded, the same quantization value is used on the Hadamard transformed 
5 coefficients. 

To demonstrate the loss introduced during concatenated coding, we add stages of 
encoding/decoding blocks in a decoder. Such a decoder 300 is illustrated in FIG. 3. As shown, the 
initial level of the decoder (level 0) comprises an inverse quantization module 302-0, an 8 x 8 
inverse Hadamard transform module 304-0 and a clipping module 306-0. The functions of each 
^ 0 block are identical to the functions described above with respect to the decoder in FIG. 2. However, 
;T1 in the decoder 300, N encode/decode blocks (levels 1 ... have been added such that the 10 bit 
decoded output data block from the initial level 0 is provided as input to the level 1 block. The level 
1 block output is provided as input to the level 2 block, and so on through level A^. As shown, each 
yi of the subsequent encode/decode blocks (levels 1 ... AO comprise an 8 x 8 Hadamard transform 
-45 module 308 (308-1 ... 308-AO and a quantization module 310 (310-1 ... 310-AO for encoding the 
^2 output from the previous level, followed by an inverse quantization module 302 (302-1 ... 302-AO, 
UJ an 8 X 8 inverse Hadamard transform module 304 (304-1 ... 304-AO and a clipping module 306 (306-1 
Q ... 306-AO for decoding the block that was just encoded in the same level. The encoding elements 
of each block are identical in ftinction to the encoding elements of FIG. 1, while the decoding 
20 elements of each block are identical to the decoding elements of FIG. 2. 

We found that the higher the number TV, the less the number of blocks which suffer additional 
loss of information due to quantization when subject to repeated encoding and decoding. For 
example, if A^= 0, i.e., if there were no extra stages of encode/decode blocks in the decoder, we 
found that additional quantization error was introduced in approximately 25% of the blocks when 
25 these were encoded again. This number went down to a mere 0.002% when A^ = 3, i.e., when 3 
stages of encode/decode blocks were added to the decoder. We ran these experiments with 
quantization step sizes in the range [64, 512] and about 14 million different 8x8 blocks of data. The 
main problem with this approach of reducing the concatenated coding loss is that a number of the 



6 



Faryar 10-5-10 

affected blocks showed a significant increase in the quantization error with repeated quantization, 
as compared to the original data, which is highly undesirable. To offset this problem, the present 
invention provides a methodology and apparatus which reduces both the number of blocks subject 
to concatenated coding loss and the quantization error. This inventive approach is illustrated in FIG. 
5 4. 

Referring now to FIG. 4, a block diagram is shown illustrating an image/video decoder 400 
.employing a near lossless-concatenated A^-level constrained quantization Hadamard transform 
decoding technique according to an embodiment of the present invention. As shown, the initial level 
of the decoder 400 (level 0) comprises an inverse quantization module 402-0, an 8 x 8 inverse 
Q O Hadamard transform module 404-0 and a clipping module 406-0. The functions of each block are 
f)i identical to the functions described above with respect to the decoder in FIG. 3 . Similar to decoder 
300 of FIG. 3, the decoder 400 also has levels of encode/decode blocks. However, as will be 
£1 explained below, the decoder 400 employs a "constrained quantization" operation in the subsequent 
li encoding process of each encode/decode block. As in decoder 300, A'' encode/decode blocks (levels 
I ... N) have been added in decoder 400 such that the 10 bit decoded output data block from the 
S initial level 0 is provided as input to the level 1 block. The level 1 block output is provided as input 
[.J to the level 2 block, and so on through level A^. As shown, each of the subsequent encode/decode 
blocks (levels 1 ... AO comprise an 8 x 8 Hadamard transform module 408 (408-1 ... 408-AO and a 
constrained quantization and inverse quantization module 410 (410-1 ... AlO-N), followed by an 8 
20 X 8 inverse Hadamard transform module 412 (412-1 ... 412-AO and a clipping module 414 (414-1 ... 
414-AO. With the exception of the constrained quantization and inverse quantization module 410, 
whose operation will be explained below, the encoding and decoding elements of each block of FIG. 
4 are identical in function to the encoding and decoding elements of FIG. 3. 

We now explain the operation performed on the transformed coefficients in each constrained 
25 quantization and inverse quantization module 410 of the blocks of the decoder 400. Let x{n) be the 
input to the decoder (quantized coefficients in the transform domain from an encoder such as is 
shown in FIG. 1), where n = 0,1, ...,63, for an 8 x 8 block of data. As can be seen in FIG. 4, x{n) is 
available to each constrained quantization and inverse quantization module 410 of the decoder as 
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a reference signal. If yj^n) is the output of a Hadamard transform module 408 at any stage k,k=\, 
2,..., A^, then the constrained quantization and inverse quantization operation performed on yln) 
yields according to the following rule: 

5 =x{n)^q if Q(y,{n)) ^ x(n) 

where q is the quantization step size used for the current block, and Qiykin)) represents the quantized 
value of3;^(n). Thus, x{n) is the constraint or reference against which the quantization of the output 
I yjln) of module 408 is performed in module 410. In the absence of concatenated coding loss, i.e., 
if there is no new error introduced after clipping (module 406) the output of the inverse Hadamard 
io transform (module 404) to 1 0 bits, then y^(n) = x{n) * q and z/«) - y^{n). Under the presence of 
concatenated coding loss however, y/w) ^ x{n) * q, and two situations arise. liQ{yk{n))=x{n\ then 
module 410 does not perform any quantization, and its output z^{n) '=yk{n). But in the case when 
Q(yi,(n)) ^ x(n\ the output z^(n) of module 410 is set to x(n\ i.e., Zjln) = x{n) * q. 

Let us consider a simple example to explain the above situation. Let the quantization 
4 5 parameter be = 5, and let the reference signal be x{n) - 3. Then, three situations may arise. In the 
absence of concatenated coding loss, the output of the Hadamard transform block, module 408, will 
be7» = 15,by definition, so that Q(yj^(n))^x{n) = 3 and the output ofmodule 410 would be z/«) 
= 15, i.e., z^(n) = yM). In the second situation, let3;^(?z) - 17, i.e., concatenated coding loss is 
present since yj^(n) ^ x(n)^ q, but Q(yk{n)) = xin) = 3. In this case, we do not perform any 
20 quantization, and the output to module 410 remains identical to its input, i.e., z/w) 1 7. In the third 
and final situation, let>^/w) = 12, i.e., like in the previous case, there is concatenated coding loss, but 
also Qiy^^in)) - 2, so that Q(y^(n)) ^ x(n). In this case, we constrain the output Zj^(n) to equal the 
reference signal, i.e., Zj^(n) = x{n) ^ q^l5. 

As illustrated above, it is to be appreciated that the conventional operations of quantization 
25 and inverse quantization, as may be respectively performed by modules 3 1 0 and 302 in FIG. 3, are 
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replaced by the constrained quantization and inverse quantization technique of the invention in 
accordance with the above-specified rule, which is performed by the iV modules 410 of FIG. 4. 

We found that when = 3, i.e., after 3 stages of encode/decode blocks, approximately 3% 
of the blocks still suffered additional quantization error when subject to concatenated 
5 encoding/decoding. We also observed the desirable effect that the quantization error was 
approximately half of that obtained when these blocks were simply subject to repeated encoding and 
decoding as demonstrated in the decoder of FIG. 3 and that this error value remained steady despite 
repeated encoding/decoding. We conclude that the maj ority of the blocks are lossless-concatenated, 
and although the remaining data blocks do suffer some concatenated coding loss, no perceptible 

■lO degradation in quahty was observed in these blocks as the error asymptotically approaches a small 

31 value. 

ft;; After the transform coefficients are subjected to the constrained quantization and inverse 

'M quantization operation in accordance with the rule above, they are then inverse transfDrmed and 
J: clipped to 10 bits in each level of the A^-level decoder as described above. 
Us Note that the computational complexity of the A^-level decoder algorithm of the invention, 

"J as illustrated by the embodiment of FIG. 4, is considerably less than A^-times that of the generic 
; y Hadamard transform decoder of FIG, 2. This is because, at each iteration, only a small fraction of 
J;:::J the total number of input data blocks display concatenated coding loss and only these blocks are 

subject to the stages of encoding/decoding as shown in FIG. 3 and FIG. 4. 
20 It should be noted that the elements of the encoders and decoders illustrated in the figures 

may be respectively implemented using a central processing unit, microprocessor, application- 
specific integrated circuit or other data processing device in, for example, a computer, video 
transceiver, cable system headend, television set-top box or other type of video signal processor. 
The central processing unit, microprocessor, apphcation-specific integrated circuit or other data 
25 processing device may also have memory associated therewith for storing data and results associated 
with each element's function when necessary. The invention may be utilized in conjunction with 
numerous types of video processing or transmission systems. Thus, while the invention is illustrated 
above using an exemplary video coding system, it should be understood that the invention is not 
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limited to use with any particular type of video signal format, video coding standard or coding 
system configuration. The invention is instead more generally applicable to any video coding 
system in which it is desirable to perform block transform coding such that the coding loss 
introduced during repeated encoding and decoding is reduced to a substantially insignificant level. 
5 Also, it is to be appreciated that the invention may be implemented in accordance with a single 
device where the encoder and decoder are co-located, i.e., a "codec" (encoding/decoding) device. 

Accordingly, as has been explained and illustrated, the present invention provides methods 
and apparatus for nearly lossless-concatenated block transform coding in a video and/or image 
I compression system. That is, the concatenation error between each level of a decoder is reduced to 
fo a substantially minimum level and the quantization error introduced during quantization operations, 
I i.e., originally at the encoder and in each level of the decoder, is substantially reduced. Thus, the 
1 decoded bit stream that is output at the A^-th level of the decoder is substantially the same as original 
1 bit stream provided to the input of the encoder. 

I Although illustrative embodiments of the present invention have been described herein with 

is reference to the accompanying drawings, it is to be understood that the invention is not limited to 
those precise embodiments, and that various other changes and modifications may be affected 
therein by one skilled in the art without departing from the scope or spirit of the invention. 
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Claims 

What is claimed is: 

1. A method for use in a block transfomi-based decoder, the decoder receiving a signal 
generated by a block transform-based encoder, the signal representing one or more quantized 
coefficients associated with at least one block of visual data, and the decoder decoding the signal to 
yield a decoded visual data block, the method comprising the steps of: 
5 transforming the decoded visual data block to yield a transformed data block; and 

applying a constrained quantization and inverse quantization operation to the transformed 
data block, the constrained quantization operation being conditioned on a comparison of the signal 
received by the decoder to the transformed data block, the constrained quantization and inverse 
quantization operation yielding a partially decoded output signal. 

yJO 2. The method of claim 1, wherein the partially decoded output signal z^(/2) resulting from 

1, the constrained quantization and inverse quantization operation is equivalent to : yjji) when Q(yi,{n)) 

■J = x(n), where represents the transformed data block, Q(yk(n)) represents the quantized value 

:4 ofyf^{n) and x{n) represents the signal received by the decoder; and x{n) ^ q when Qiy^in)) ^ x{n), 

i;;^ where q represents the quantization step size used for a current block. 

15 3. The method of claim 1 , wherein the partially decoded output signal z/w) resulting from 

the constrained quantization and inverse quantization operation is equivalent to>^/«) in an absence 
of concatenated coding loss, whtvo yjjin) represents the transformed data block. 

4. The method of claim 1, wherein the partially decoded output signal resulting from 
the constrained quantization and inverse quantization operation is equivalent to yj^{n) in a presence 
20 of concatenated coding loss and when Qiyfln)) = x{n\ where y» represents the transformed data 
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block, Qiyjjt)) represents the quantized value of j^/^z) andx(^) represents the signal received by the 
decoder. 

5. The method of claim 1, wherein the partially decoded output signal z^{n) resulting from 
the constrained quantization and inverse quantization operation is equivalent to x{n) qina presence 

5 of concatenated coding loss and when Qiyjln)) ^ x{n), where ^^(w) represents the transformed data 
block, Q(yi,in)) represents the quantized value of x{n) represents the signal received by the 
decoder, and q represents the quantization step size used for a current block, 

6. The method of claim 1, further comprising the step of inverse transforming the partially 
decoded output signal to yield a decoded output signal. 

30 7. The method of claim 6, further comprising the step of clipping the decoded output signal 

to a predetermined number of bits. 

8. The method of claim 7, further comprising the step of repeating the transforming, 
applying, inverse transforming and clipping steps times. 

9. The method of claim 1, wherein the block transform is an invertible block transform. 

15 10. The method of claim 9, wherein the invertible block transform is a Hadamard transform. 

11. Apparatus for use in a block transform-based decoder, the decoder receiving a signal 
generated by a block transform-based encoder, the signal representing one or more quantized 
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coefficients associated with at least one block of visual data, and the decoder decoding the signal to 
yield a decoded visual data block, the apparatus comprising: 

at least one processing device operative to: (i) transform the decoded visual data block to 
yield a transformed data block; and (ii) apply a constrained quantization and inverse quantization 
operation to the transformed data block, the constrained quantization operation being conditioned 
on a comparison of the signal received by the decoder to the transformed data block, the constrained 
quantization and inverse quantization operation yielding a partially decoded output signal. 

12. The apparatus of claim 11, wherein the partially decoded output signal zln) resulting 
from the constrained quantization and inverse quantization operation is equivalent to: y^f^n) when 
QO^(n)) = x{n\ where 3;^(n) represents the transformed data block, Qiytin)) represents the quantized 
value of and x{n) represents the signal received by the decoder; and x{n) * q when Q(yin)) ^ 
x{n), where q represents the quantization step size used for a current block. 

13. The apparatus of claim 11, wherein the partially decoded output signal z^(n) resulting 
from the constrained quantization and inverse quantization operation is equivalent to yjln) in an 
absence of concatenated coding loss, where >'^(?7) represents the transformed data block. 

14. The apparatus of claim 11, wherein the partially decoded output signal Zj^n) resuhing 
from the constrained quantization and inverse quantization operation is equivalent to y^{n) in a 
presence of concatenated coding loss and when 2(y/n)) = x{n\ where y^in) represents the 
transformed data block, Q{yk{n)) represents the quantized value oiy^n) andx(n) represents the signal 
received by the decoder. 

15. The apparatus of claim 11, wherein the partially decoded output signal Zj^n) resulting 
from the constrained quantization and inverse quantization operation is equivalent to x{n) ^ g in a 
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presence of concatenated coding loss and when Qiyj^in)) ^ x{n), where yj^n) represents the 
transformed data block, Qiyiln)) represents the quantized value of ^^^(n), x{n) represents the signal 
received by the decoder, and q represents the quantization step size used for a current block. 

16. The apparatus of claim 1 1 , wherein the at least one processing device is further operative 
to inverse transform the partially decoded output signal to yield a decoded output signal. 

1 7. The apparatus of claim 1 6, wherein the at least one processing device is further operative 
to clip the decoded output signal to a predetermined number of bits. 

18. The apparatus of claim 1 7, wherein the at least one processing device is further operative 
to repeat the transforming, applying, inverse transforming and clipping operations //times. 

19. The apparatus of claim 11, wherein the block transform is an invertible block transform. 

20. The apparatus of claim 19, wherein the invertible block transform is a Hadamard 
transform. 

21. Apparatus for use in a block transform-based decoder, the decoder receiving a signal 
generated by a block transform-based encoder, the signal representing one or more quantized 
coefficients associated with at least one block of visual data, and the decoder decoding the signal to 
yield a decoded visual data block, the apparatus comprising: 

a data block transformer operative to transform the decoded visual data block to yield a 
transformed data block; and 
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a quantizer coupled to the data block transformer and operative to apply a constrained 
quantization and inverse quantization operation to the transformed data block, the constrained 
quantization operation being conditioned on a comparison of the signal received by the decoder to 
the transformed data block, the constrained quantization and inverse quantization operation yielding 
a partially decoded output signal. 

22. A block transform-based decoder, the decoder receiving a signal generated by a block 
transform-based encoder, the signal representing one or more quantized coefficients associated with 
at least one block of visual data, and the decoder decoding the signal to yield a decoded visual data 
block, the decoder comprising: 

A/^ encode/decode paths, wherein each encode/decode path includes: 

a data block transformer operative to transform a previously decoded visual data block to 
yield a transformed data block; 

a quantizer coupled to the data block transformer and operative to apply a constrained 
quantization and inverse quantization operation to the transformed data block, the constrained 
quantization operation being conditioned on a comparison of the signal received by the decoder to 
the transformed data block, the constrained quantization and inverse quantization operation yielding 
a partially decoded output signal; 

a data block inverse transformer coupled to the quantizer and operative to inverse transform 
the partially decoded output signal to yield a decoded output signal; and 

a clipping module coupled to the data block inverse transformer and operative to clip the 
decoded output signal to a predetermined number of bits. 
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Abstract 

Methods and apparatus for performing near lossless-concatenated A^-level constrained 
quantization Hadamard transform decoding are provided. Accordingly, the present invention 
provides a transform-based coding technique, where the coding loss introduced during repeated 
encoding and decoding is reduced to a substantially insignificant level. This is accomplished by 
employing a constrained quantization and inverse quantization operation in each level of 
encoding/decoding in the decoder. In this manner, the concatenation error between each level of a 
decoder is reduced to a substantially minimum level and the quantization error introduced during 
quantization operations, i.e., originally at the encoder and in each level of the decoder, is 
substantially reduced. Thus, the decoded bit stream that is output at the A^-th level of the decoder 
is substantially the same as the original bit stream provided to the input of the encoder. 

1200-391.APP 
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IN THE UNITED STATES 
PATENT AND TRADEMARK OFFICE 

Declaration and Power of Attorney 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name. 

I believe I am an original, first and joint inventor of the subject matter which is claimed 
and for which a patent is sought on the invention entitled METHODS AND APPARATUS FOR 
NEARLY LOSSLESS-CONCATENATED BLOCK TRANSFORM CODING the 

specification of which is attached hereto. 

I hereby state that I have reviewed and understand the contents of the above identified 
specification, including the claims, as amended by an amendment, if any, specifically referred to 
in this oath or declaration. 

I acknowledge the duty to disclose all information known to me which is material to 
patentability as defined in Title 37, Code of Federal Regulations, 1.56. 

I hereby claim foreign priority benefits under Title 35, United States Code, 1 19 of any 
foreign application(s) for patent or inventor's certificate listed below and have also identified 
below any foreign application for patent or inventor's certificate having a filing date before that 
of the application on which priority is claimed: 

None 

I hereby claim the benefit under Title 35, United States Code, 120 of any United States 
application(s) listed below and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States application in the manner provided by the 
first paragraph of Title 35, United States Code, 112, I acknowledge the duty to disclose all 
information known to me to be material to patentability as defined in Title 37, Code of Federal 
Regulations, 1.56 which became available between the fihng date of the prior application and the 
national or PCT international fihng date of this application: 

None 

I hereby declare that all statements made herein of my own knowledge are true and that 
all statements made on information and belief are believed to be true; and fiirther that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Titie 18 of the United States 
Code and that such willfiil false statements may jeopardize the validity of the application or any 
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patent issued thereon. 



I hereby appoint the following attomey(s) with Ml power of substitution and revocation, 
to prosecute said application, to make alterations and amendments therein, to receive the patent, 
and to transact all business in the Patent and Trademark Office connected therewith: 



Thomas J. Bean 
Lester H. Bimbaum 
Richard J. Botos 
Jeffery J. Brosemer 
Keimeth M. Brown 
Donald P. Dinella 
Guy Eriksen 
Martin I. Finston 
William S. Francos 
Barry H. Freedman 
Julio A. Garceran 
Jimmy Goo 
Anthony Grillo 
Stephen M. Gurey 
John M. Harman 
Matthew J. Hodulik 
Michael B. Johannesen 
Mark A. Kurisko 
Irena Lager 
John B. Maclntyre 
Christopher N. Malvone 
Scott W. McLellan 
Martin G. Meder 
John C. Moran 
Michael A. Morra 
Gregory J. Murgia 
Claude R. Narcisse 
Joseph J. Opalach 
Neil R. Ormos 
Eugen E. Pacher 
Jack R. Penrod 
Gregory C. Ranieri 
Scott J. Rittman 
Ferdinand M. Romano 
Eugene J. Rosenthal 
Bruce S. Schneider 
Ronald D. Slusky 
David L. Smith 
Ozer M.N. Teitelbaum 
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(Reg. No. 

(Reg. No. 

(Reg. No. 

(Reg. No, 

(Reg. No 

(Reg. No 



44528) 
25830) 
32016) 
36096) 
37590) 
39961) 
41736) 
31613) 
38456) 
26166) 
37138) 
36528) 
36535) 
27336) 
38173) 
36164) 
35557) 
38944) 
39260) 
41170) 
34866) 
30776) 
34674) 
30782) 
28975) 
41209) 
38979) 
36229) 
35309) 
29964) 
31864) 
29695) 
39010) 
32752) 
36658) 
27949) 
26585) 
30592) 
36698) 
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John P. Veschi 
David Volejnicek 
Charles L. Warren 
Jeffrey M. Weinick 
Eh Weiss 



(Reg. No. 39058) 
(Reg. No. 29355) 
(Reg. No. 27407) 
(Reg. No. 36304) 
(Reg. No. 17765) 



I hereby appoint the attomey(s) on ATTACHMENT A as associate attomey(s) in the 
aforementioned appUcation, with full power solely to prosecute said application, to make 
alterations and amendments therein, to receive the patent, and to transact all business in the Patent 
and Trademark Office connected with the prosecution of said application. No other powers are 
granted to such associate attomey(s) and such associate attomey(s) are specifically denied any 
power of substitution or revocation. 



Full name of 1 st joint inventor: Alireza Farid Faryar 

Inventor's signature /"j^ - /^/^^^ Date ^/t2./z€770 

Residence: Fair Haven, Monmouth County, New Jersey 

Citizenship: United States of America 

Post Office Address: 30 Laury Drive 

Fair Haven, New Jersey 07704 



Full name of 2nd joint inventor: Moushumi Sen 

Inventor^s signature IXqaaaJamiiu^ Date ^ 2.j 

Residence: West End, Monmouth County, New Jersey 
Citizenship: India 

Post Office Address: 385 Ocean Boulevard, Apt. 2P 

West End, New Jersey 07740 
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Full name of 3rd joint inventor: Kyeong Ho Yang 



Inventor's signature 




Date "7 // ^/j^-^irO 



Residence: Freehold, Monmouth County, New Jersey 
Citizenship: Korea 

Post Office Address: 8 Hawthorne Court 

Freehold, New Jersey 07728 



